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ABSTRACT 
A study was conducted to compare the effectiveness of administering 
one bolus of 15 g of chromium oxide (Cr203) at 8 am or 4 pm versus two bo-
luses of 7.5 g each at 8 am and 4 pm.The daily excretion pattern of Cr203 was 
determined to estimate the best time of day to take rectal fecal samples from 
each animal.Twelve Holstein and Brown Swiss heifers of 282.5 kg mean live 
weight were used in a complete randomized design. The animals grazed a 
mixture of improved tropical grass pastures during the entire trial. There 
were no significant differences among treatments. Neither the number of 
boluses (one vs. two) nor the time of administration (8 am and/or 4 pm) had 
a significant effect upon the total mean concentration of Crz03 in dry feces 
(mg/g), collected twice per day (8 am and 4 pm) for seven days. Higher sim-
ple correlation coefficients (P < 0.01) were obtained between the total fecal 
Cr203 average concentration on the 4th day and the mean concentration 
from two fecal samples collected at different hour-combinations. The more 
reliable morning and afternoon hour combinations for sampling feces were 
8 am and 6 pm (r = 0 .94) and 10 am and 6 pm (r = 0.92). Three days was 
found to be the minimum time required for the stabilization of the Cr203 con-
centration in dry feces. 
Key words: chromium oxide, feces output, grazing animals, pasture intake, 
external indicator 
RESUMEN 
Efecto del número de bolos y hora en que se suministran sobre el patrón 
de excreción de oxido crómico en rumiantes 
Se realizó un estudio en la Subestación de Lajas para comparar la efecti-
vidad del suministro diario, a las 8 am o 4 pm, de un bolo de 15 g de óxido 
crómico (Cr203) versus dos bolos de 7.5 g cada uno, a las 8 am y 4 pm, en la 
estimación de la producción total de materias fecales. Se utilizaron un total 
de 12 novillas Holstein y Pardo Suizo, de 282.5 kg de peso vivo promedio, en 
un diseño completamente al azar. Las novillas pastaron una asociación de 
gramíneas tropicales por la duración del estudio. No se encontraron dífe-
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rencias significativas entre tratamientos. El número de bolos de Cr203 por 
día (uno vs. dos), así como la hora del día en que se administraron {8 am y/o 
4 pm), no tuvieron efectos significativos sobre el promedio total de la con-
centración del indicador en las heces secas (mg/g). Las muestras de heces 
se tomaron directamente del recto del animal a las 8 am y 4 pm, durante 
siete días. El promedio de concentración de Cr2Og de dos muestras diarias 
de materias fecales resultó ser más confiable que la información obtenida 
con una sola muestra de heces. Los coeficientes de correlación simple en-
tre la concentración de Cr203en las muestras y el promedio general para el 
total diario de heces recogidas fue significativamente más alto (P < 0.01) 
para la combinación de muestras tomadas a las 8 am y 6 pm (r = 0.94) y 10 
am y 6 pm (r = 0.92).También se determinó que tres días es el mínimo reque-
rido para estabilizar la concentración del Cr203 en las heces durante el pe-
ríodo de preparación. 
INTRODUCTION 
The nutritive value of forages depends upon their chemical compo-
sition and digestibility. Feed intake and feces output during a given 
period of time are used to measure digestibility (Ramirez-Reyes, 1971). 
The direct and classical method of measuring digestibility utilizes indi-
vidual feeding of animals in confinement (Nelson et al., 1954). Results 
thus obtained may not necessarily represent the real situation in pas-
ture since grazing behavior of cattle is characterized by animal 
selection of the plant structures (Schneider and Flatt, 1975). 
Pasture digestibility may be measured with grazing animals. Two 
types of problems that arise in this procedure are collection of represen-
tative samples of the forage being consumed, and estimation of the 
daily feces output (McDonald et al., 1975). To overcome these problems, 
indirect methods using chemical compounds as indicators have been 
developed. These chemicals are of two types: those normally found in 
plant material as lignin, silica, and chromogens (internal indicators), 
and those administered to the animals in fixed doses (external indica-
tors). Of the latter the most commonly used is chromium oxide, Cr203 
(Yiakoulaki et al., 1997). The external indicators are used to estimate 
fecal production, whereas internal indicators allow the determination 
of forage digestibility (Olubajo and Oyenuga, 1970; Pond et al., 1987). 
The reliability of the data obtained through indirect methods may 
be affected by several factors. Among the most important are the time 
of the day as well as the dosage and frequency of administration of the 
external indicator (Hattan and Owen, 1970; Streeter, 1969), the indi-
gestibility and fecal excretion rate of the indicators (Arroyo-Aguilú and 
Evans, 1970; Elam et al., 1962), and the homogeneity of the pasture 
sample collected (Cook, 1964). 
The determination of pasture intake and digestibility by grazing 
animals is an important requirement in grass evaluation programs. In 
Puerto Rico, livestock production depends to a considerable degree 
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upon grassland utilization, however there is no published information 
on the adjustment of the indirect methodology for estimating pasture 
intake and digestibility to the physiographic conditions of cattle pro-
duction. The objective of this study, conducted at the Lajas Substation, 
was to compare the effectiveness of one versus two daily boluses of 
Cr203 in fecal output determinations, to establish the daily indicator 
excretion pattern for the determination of the most appropriate time of 
the day to sample feces from the rectum, and to estimate the number 
of days required for Cr203 to reach the overall mean concentration in 
dry feces. 
MATERIALS AND METHODS 
A total of 12 Holstein and Brown Swiss heifers of similar age and 
282,5 kg average live weight were used in the study. They were either 
nonpregnant or in the initial stages of gestation. Four heifers were ran-
domly assigned to each of the following treatment groups: T l , one bolus 
of 15 g of Cr203 at 8 am daily; T2, one bolus of 15 g of Cr203 at 4 pm 
daily; and T3, one bolus of 7.5 g of Cr203 at 8 am and 4 pm daily. Boluses 
were molded with paraffin paper and administered orally to the heifers 
during two periods of seven days each (preparation and sampling 
week), according to the treatments. Previous to these periods, the heif-
ers were allowed to graze the pasture for seven days (adaptation week). 
The grazing area of 3.9 ha was divided into 10 paddocks of 0.39 ha 
each. The pasture was a mixture of Railroad track grass (Dichanthrium 
annulatum Forsk. Stapf), Stargrass (Cynodon nlemfuensis Vanderyst 
var. nlemfuensis), Caribgrass (Eriochloa polystachya H.B.K), Para 
grass (Brachiaria purpurascens Raddi. Henr.) and Guinea grass (Pani-
cum maximum JacqJ. Three months before initiating the grazing 
phase the paddocks were mowed and fertilized with 445 kg/ha of a 15-
5-10 formula. Natural rainfall was sufficient to maintain abundant for-
age throughout the study. 
Collection of fecal material 
Approximately 250 g of feces was removed daily from the rectum of 
each heifer at 8 am and 4 pm. Collection was initiated the second day af-
ter the administration of Cr203 began (preparation period), and 
continued until the end of the trial. Each sample was deposited in a poly-
ethylene bag and kept frozen at -23°C prior to chemical analysis of 
chromium (Cr), During day four of the sampling period, each rectum was 
emptied of feces every two hours. The total weight of feces collected in 
this manner was used to estimate the total fecal production per animal. 
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Fecal dry matter (FDM) determination 
The frozen fecal samples were thawed at room temperature for 24 h, 
weighed and dried in a convection oven at 60° C for 24 h and then at 
90° C for another 24 h. The dried samples were weighed and ground in 
a small laboratory hammer-mill. Each sample was identified and ana-
lyzed separately. 
Chromium analysis 
The technique described by Kimura and Miller (1957) was followed 
for the analysis of chromium oxide (Cr2Os). The concentration of chro-
mium (Cr) in each fecal sample expressed as mg of Cr/g FDM was 
converted to mg of Cr203, using the following formula: 
i Molecular weight Cr9CL 
Cr20,(mg/gFDM) = — — : . - * - xCr(mg/g FDM) 
1 s b
 2 Atomic weight Cr fofa 
Determination of the daily recovery ofCr203 
The mean fecal recovery of Cr203 expressed as a percentage of the 
amount of Cr203 administered daily was obtained for each heifer by the 
following formula: 
Recovery of fecaJ Cr 2 0 3 per day (%) = 
Fecal Cr 9 0 . (g/g FDM) x FDM collected (g/day) 
^ A 1—r-- T7-TT-, X 100 
Cr203 administered (g/day) 
where the daily output of FDM was obtained indirectly, during day four 
of the sampling period, by emptying each rectum of feces every two 
hours. 
Statistical analysis 
Treatment means were compared by analysis of variance and or-
thogonal comparisons in a completely randomized design. Treatments 
were considered fixed effects, and days and animals as random effects 
(Snedecor and Cochran, 1967). The dependent variables analyzed were 
the daily mean concentration of Cr203 (mg/g FDM) and the fecal con-
centration of Cr203 (mg/g FDM) in each sample collected at different 
hours during the fourth day of the sampling period. Concentration of 
Cr203 in dry feces (mg/g) was chosen, instead of its recovery percentage, 
as the dependent variable for comparing treatments because the tech-
nique of emptying the rectum every two hours was not successful. Daily 
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fecal output was underest imated because of the incompleteness of fecal 
collection. Therefore, the mean C r 2 0 3 recovery in feces was much less 
than the expected 100%. The mean value obtained for the 12 heifers 
dur ing the fourth day of the sampl ing week was only 31.9 ± 14.2%. To 
est imate the most suitable hour of the day to sample feces from the rec-
tum, a simple correlation coefficient was calculated for each animal 
between the daily mean fecal C r 2 0 3 concentration and the mean con-
centration of the indicator in fecal samples obtained every two hours 
during the fourth day of sampling. 
RESULTS 
Cr 2 0 3 concentration (mg/g FDM) in fecal samples reached the over-
all mean value three days after ini t ia t ing its administrat ion (Table 1). 
The mean Cr 2 0 3 content for all fecal samples collected during the prep-
arat ion week was 4.14 mg/g FDM, whereas the t r ea tment means for 
the third day of tha t week were T l , 4.23; T2, 4.59; and T3 , 3.87 mg/g 
FDM. 
There were no significant effects for the number of boluses admin-
istered daily (one vs. two) nor for the hour of their administrat ion (8 am 
and/or 4 pm) upon the mean Cr 2 0 8 concentration in dry feces collected 
dur ing the sampling week (Table 2). Consequently, the daily fecal out-
TABLE 1.—Mean concentrations and standard deviations (SD) of chromium oxide in dry 
feces per day and treatment, during the preliminary period' 
Day T, 
Treatment2 
T„ 
mg/g FDM 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
Sunday 
Treatment mean ± SD 
Overall mean ± SD 
3.18 + 0.59 
4.23 ±0.61 
4.17±1.01 
3.36 ± 1.06 
3.78 + 0.58 
4.03 ±0.15 
3.79 ±0.43 
3.40+1.16 
4.59 ±0.27 
3.99 ±0.37 
4.32 ± 1.09 
4.45 ± 0.41 
4.01 + 0.69 
4.12 + 0.42 
4.14 + 0.66 
3.11 + 0.53 
3.87 ±0.61 
5.66 ± 0.50 
4.50 ± 1.08 
4.95 ± 0.47 
4.84 ±0.09 
4.49 ± 0.89 
'Means of four heifers x two daily samples of feces (8 am and 4 pm). Administration 
of chromium oxide started Monday of preliminary period, 
2Tt: 1 bolus (15 g Cr203) at 8 am; T2:1 bolus at 4 pm; T3: 1 bolus (7.5 g) at 8 am and 
4 pm, respectively. 
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TABLE 2.—Analysis of variance for ¿he mean Cr.,03 concentration (mg/g FDM) and 
orthogonal contrasts among treatments. 
Source of variation 
Treatment (T)1 
1 vs. 2 
1, 2 vs. 3 
Day (D) 
D XT 
Animals/T, D 
Degree of free 
2 
1 
1 
6 
12 
49 
idom Mean square 
0.524 
0.241 
0.807 
2.570* 
1.123 
0.969 
•Tl: 1 bolus (15 g Cr203) at 8 am;T2:1 bolus at 4 pm; T3:1 bolus (7.5 g) at 8 am and 
4 pm, respectively, 
^Significant (P < 0.05). 
put may be estimated by the administration of one bolus of 15 g of 
Cr203 a t either 8 am and 4 pm, or by supplying two 7.5 g boluses daily 
one at 8 am and again at 4 pm (Table 3). 
Variation among and within days in fecal Cr203 concentration during 
the sampling week 
Among days: The analysis of variance showed a significant effect 
(P < 0.05) of days upon fecal Cr203 concentration (Table 2), but the in-
teraction of days by treatments was nonsignificant. Figure 1 illustrates 
the daily variation of the treatment means (n = 4) of Cr203 concentra-
tion (two fecal samples per animal) around the overall mean for the 
sampling week. Ranges and means per treatment were T l = 5.40, 3.25, 
and 4.05; T2 = 4.96,2.91, and 4.10; T3 = 4.86, 3.38, and 4.02 mg/g FDM 
(Table 3). T3 (two boluses of 7.5 g each daily) showed the least variation 
in fecal Cr203 concentration (SD = 0.55 mg/g FDM) during that week. 
Within days: Figure 2 shows the Cr203 concentration in feces by 
treatment collected from the rectum every two hours during the fourth 
day of the sampling week. Fecal excretion pattern of Cr203 showed the 
greatest variation (CV = 18.04%) in T l , whereas T3, where two boluses 
were administered, exhibited the smallest coefficient of variation (CV 
= 12.32%). Also, increased Cr203 concentration in dry feces was ob-
served during morning hours (6 am to 12 n) for T l and T2, with one 
bolus administered daily (5.22 and 4.50 mg/g FDM, respectively); and 
during dawn hours (1 am to 5 am) for T3 (4.35 mg/g FDM). 
DISCUSSION 
A relatively stable indicator level in feces is of paramount impor-
tance for the reliability of fecal output estimations. Several researchers 
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TABLE 3.—Mean concentrations and standard deviations (SD) of chromium oxide in dry 
feces per day during the. sampling period.1 
Day 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
Sunday 
Total mean ± SD 
T. 
3.63 ± 0.29 
4.23 ± 1.56 
3.25 + 0.71 
4.4-8 ± 0.78 
3.29 ± 1.26 
5.401 1.48 
4.13i 0.45 
4.05 t 0.75 
Treatment2 
T2 
mg/g FDM 
4.76 + 0.19 
4.75 + 0.26 
3.99 ±1.75 
3.72 ± 0.27 
2.91 ±0.73 
4.96 + 1.32 
3.63 ± 0.63 
4.10 + 0.75 
T, 
3.60 ±0.35 
4.86 ±0.16 
4.27 + 0.81 
3.60 ± 0.39 
3.90 ± 0.77 
4.59 + 0.63 
3.38 ± 0.30 
4.02 ± 0.55 
!Means of four heifers x two daily samples of feces (8 am and 4 pm). Administration 
of chromium oxide started Monday of preliminary period. 
*Tj: 1 bolus (15 g Cr20:i) at 8 am; T2: 1 bolus at 4 pm; T3: 1 bolus (7.5 g) at 8 am and 
4 pm, respectively. 
have recommended that the administration of Cr203 be a few days be-
fore initiation of the study. Kane et al. (1950) suggested 10 days, 
whereas other authors (Hardison et al., 1956) indicated that seven days 
was a sufficient preparation period. The present study indicated that 
after three days, fecal Cr203 concentration (mg/g FDM) was similar to 
that of the overall mean in the preparation week. Therefore, three days 
appears to be the minimum required for the level of Cr203 to stabilize 
in the feces. In agreement with these results Hardison et al. (1959) also 
found three days to be the minimum duration of a preparation period. 
Although a uniform rate of indicator excretion is desired, the Cr2Og 
concentration in feces varies between and within days (Hattan and 
Owen, 1970; Steeter, 1969). In this study, the mean fecal Cr2Og concen-
tration changed significantly (P < 0.05) between days. The form of 
supplying the indicator (one vs. two boluses) did not have a significant 
effect (Table 2), yet two boluses daily (7.5 g each) showed a slightly 
lower variation as compared to only one bolus of 15 g/day. Hardison and 
Reid (1953) pointed out that fecal samples should be collected for sev-
eral days because of day-to-day variation in the excretion rate of the 
indicator. Our results suggest that four days of sampling feces is suffi-
cient to obtain a reliable estimate of the mean Cr203 concentration (mg/g 
FDM). Increasing sampling from four to five days improved the preci-
sion of that estimation by only 0.0033 mg/g FDM (Table 4). 
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FIGURE 1. Mean daily chromium oxide concentration in feces during the sampling 
period. 
In agreement with other reports (Davis e t al., 1958; Galyean et al., 
1986), the within day variat ion in the fecal Cr 2 0 3 concentration was re-
duced slightly when two boluses were administered daily to the heifers. 
Several factors could be responsible for t ha t variation. The amoun t of 
forage eaten by the animal changes throughout the day; sunrise and 
sunset are the predominant grazing periods (Balch et al., 1957). There-
fore, variation of indicator concentration in fecal samples may be 
expected according to the pa t te rn of forage intake during the day (Har~ 
dison and Reid, 1953). This is due to the movement and mixing of the 
indicator with the ingesta in the reticulo-rumen (Johnson e t al., 1964) 
as well as the relatively high specific gravity of the Cr 2 0 3 (King and 
Moore, 1957). The l i te ra ture suggests t h a t the C r 2 0 3 does not mix well 
with the solid or soluble components of the ingesta (Udén et al., 1980). 
This finding accounts for the recommendation of indicator adminis t ra-
tion before the peak hours of grazing to assure a more uniform passage 
of the indicator throughout the reticulo-omasum orifice (Balch e t al., 
1957). This is coincidental with greater movements of the ingesta out 
of the rumen, and in tu rn would reduce the variation of Cr 2 0 3 concen-
tration in the feces. In the present study, the coincidence of dosage with 
grazing behavior may part ial ly explain the smaller variat ion in fecal 
Cr 2 0 3 concentration found i n T 3 , where two boluses were administered 
per day (8 am and 4 pm). 
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FIGURE 2. Mean chromium oxide concentration in feces during the fourth day of the 
sampling period. 
A different approach to the same problem was discussed by Prigge 
et al. (1981), who pointed out t h a t a suitable fecal sampling scheme 
might be more effective than the number of boluses to reduce the daily 
variation in fecal Cr 2 0 3 excretion. The best sampling hours are selected 
on the basis of the association between Cr 2 0 3 concentration in grab 
samples removed at different times and its total fecal mean for the day. 
Therefore, a simple correlation analysis was performed by pooling all 
the data from individual heifers during the fourth day of the sampling 
week, since the concentration of fecal C r 2 0 3 was not significantly differ-
TABLE 4.—Effect of increasing the number of sampling days upon the variation of the 
toted mean concentration of fecal chromium oxide (mg/g FDM). 
Day Standard error due to days 
Precision increment in 
estimating the total mean 
0.2435 
0.1721 
0.1405 
0.1217 
0.1089 
0.0994 
0.0714 
0.0316 
0.0188 
0.0128 
0.0095 
0.0095 
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TABLE 5. Simple correlation coefficients between the mean Crj0.t concentration from 
two fecal samples at different hour-combinations and the total mean fecal 
concentration on the 4"' day of the sampling period. 
Hour-combination 
6 am-2 pm 
6 am-4 pm 
6 am-6 pm 
8 am-2 pm 
8 am-4 pm 
8 am-6 pm 
10 am-2 pm 
10 am-4 pm 
10 am-6 pm 
12 m-2 pm 
12 m-2 pm 
of samp] ng feces Con -elation coefficient 
0.88** 
0.78** 
0.49 
0.87** 
0.83** 
0.94** 
0.75* 
0.60 
0.92** 
0.76** 
0.64* 
Degrees of freedom 
9 
9 
7 
9 
10 
7 
8 
8 
7 
9 
10 
^Significant at the 5% level. 
'^Significant at the 1% level 
ent among treatments (Table 2). The fecal sample removed at 6 am was 
found to be the single most reliable predictor of the total mean concen-
tration of the indicator in the feces (r = 0.73; P < 0.01). Several other 
studies have suggested the convenience of taking two samples of feces 
during the day to improve the precision of that estimation (Davis et al., 
1958; Galyean et al., 1986). Table 5 shows the correlation coefficients 
found in this study for the mean Cr203 concentration in two fecal sam-
ples taken at different hour-combinations. The best combination was 8 
am and 6 pm (r = 0.94; P < 0.01), Although taking a single fecal sample 
is less costly and time consuming, simple correlation coefficients were 
higher for the mean of two daily samples. This finding is in agreement 
with previously published results (Galyean et al., 1986; L'usk et al., 
1961). Hence, election of the most suitable hour-combination to collect 
fecal samples will depend on the objectives and resources of each study 
in particular. 
The main conclusions derived from this study are that the Cr203 con-
centration in feces (mg/g FDM) reached a stable level the third day after 
administration started, thus suggesting that three days is the minimum 
time required for the preparation period. One bolus or two boluses were 
equally effective for supplying the daily amount of Cr20 ; j (15 g) to esti-
mate the mean fecal indicator concentration. The excretion pattern of 
Cr203 in the feces suggested that daily collection of two fecal samples di-
rectly from the rectum is recommended. The best hour-combinations for 
sample collection are those between 6 to 8 am and 2 to 4 pm. 
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